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Abstract

We have implemented the adsorption-type ACF(Activated Carbon Filter) of a cylindrical shape, and evaluated the
performance according to the supply of steam for VOCs(Volatile Organic Compounds) desorption. The filter size is
designed to have an outer diameter of 600mm, an inner diameter of 400mm, and a height of 1500mm, and it is
simulated by reducing the inner diameter of the lower filter while fixing the upper size, thickness, and height of
the filter to make steam evenly throughout the adsorption filter. The steam supply applies the standard for
supplying 350 kg/hr six times an hour, and the adsorption of activated carbon fibers evaluates the difference
between the total adsorption amount according to the concentration change and the adsorption capacity at the
fruit point. The adsorption characteristic is to confirm the adsorption characteristic of the activated carbon fiber
under spatial speed (10,000-254,000-h) by adjusting the adsorbent filling height to a range of 3 to 75 mm under
the supply conditions of 100L/min of test gas supply and 400ppm of VOCs concentration.
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Table 1. Annual emissions of industrial VOCs.

B 1. MRAREE VOCs9| HE HiEZ &5
Combustion Sort 2015 2016 2017

Energy industry 7,464 8,001 7,753
Non-industrial 2,622 2,740 2,830
Manufacturing 3,101 3,342 3,199
Production process 182,899 | 186,104 | 188,324
Energy transport and storage 29,137 30,160 30,695
Organic solvents 555,359 | 558,004 | 563,648

Road transportation pollution 46,145 47,561 45,920

Non-road transportation 40,311 40,816 59,407
Waste disposal 57,074 58,988 58,405
Other cotton pollution 648 624 901
Biological combustion 86,012 87,687 86,500
Sum 1,010,771 | 1,024,029 | 1,047,585

adsorbate macropore

Fig. 1. Comparison of activated carbon and carbon fiber
pore structures.
2 1. SAET} BN 712X H|D

 2E AAHE TR g
=4g Hlg Aol

B BRLER)

Table 2. Characteristic comparison of activated carbon

and activated carbon fiber.
H 2. EdED} SYEAMRO EM Hiw

Activated carbon

Type of adsorbent fiber Activated carbon

1400 kgx2=2800

Fill amount | 56 kgx2=112 kg K
g
adsorbent L
ayer

Thickness 120 mm 600 mm

Adsorption . .
Exchange Hime 6 min/collect 120 min/collect

time

6 min/collect 30 min/collect

1600L x 1100W x

Escape time

Adsorption Size 1500H £2600x1500H
container
Volume 2.64 of 7.96 n’
Recall Vapor 350 keg/h 1680 kg/h
consumpti |cooling water 10 t/h 48t/h
on Power 15 kw 15 KW
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Table 3. Technical characteristics of VOCs processing
methods.
HE 3. VOCs A2| @i#o| 7|8X EM

Remove Remove Reuse|  Bv-product Clca)rrlliﬁ VOCs
Method  |efficiency y-produ Hon P density
Incinerate > 99% | No CO, NOx Normal | 20~25%
Condensation | Normal | Use - High 75,000
ppm
Biological 100% Acetaldehyde, {5,000
decomposition| /7Mth No Propanal, Low ppm
Acetone
. _ Used ~
Absorption Use Absorbers Normal
Absorption > 90% | Use Used Normal 700~1,000
Absorbers ppm
Formic acid,
Plasma catalyst| 74~81% | No Carboxylic High -
acids, NOx, O3
1 0,
Photc‘)cat‘alync 100./0 No | OH-radicals | Normal -
oxidation (5 min)
Ozone ) Secondary
catalytic (zlf(ﬁﬁr) No Organic High -
oxidation Aerosols
Membrane Blocked
. - Use | membrane High 25%
separation :
separation
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[¢]

Sheet [EA] Volume [cm?®] Weight [g] Density
1 23.55 1.8797 0.079817

5 17.75 9.2922 0.078915

10 235.5 18.7941 0.079805

20 471 37.736 0.080119
Average = 0.079664

Fig. 2. ACF density measurement results.
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Filter design Simulation of fluidity analysis of steam
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Fig. 3. Fluidity analysis of steam to filter design.
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Fig. 4. Adsorption Filter Design and physical appearance.
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Fig. 5. Composition diagram of a test apparatus for
performance evaluation of activated carbon fibers.
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Table 4. Evaluation conditions for adsorption
performance of activated carbon fibers.

B 4 ZHEHAHER S3Es BIRA
Category Contents
Reactor 100 mm <400 mmH
Supply method Syringe pump (50mLx2set)
VOCs
Adsorption Toluene, O-xylene, MEK
Test Gas Air (50, 100 L/min)
Temperature/c .
Operating oncentration 26~28 "C/100~400 ppm
conditions
Filling height 3, 6,9, 15, 25, 75 mm

L/min3} VOCs %% 400 ppm 3+ 21014 F2A

2]
A 201F 3~75 mm HAR THEI IHER

(10,000~254,000 h) 7oA 9] Adetrdq &3t
Ae Qg FEETt E1E &F 8
0.36 g/golA 0.40 g/go= F7I5k=

oty 7|RolA F& 852 29]8 hdhe AT
Helty, I8 ot AR 3745 51,000-h 279
A AF8du] 24 AL fARE 98 1522 GAJ3Ith
I 5t TEE Wl 2 FARF 9 oAzt Rt
£ yepdict. SAxA wet 254, 82, ot

B0 9 SAIZE o) Qoflrt.

Table 5. Changes in adsorption amount and breakage
time according to changes in spatial speed.
B b 3L B0 ME S5 Y DAt et

[

; Scallion | Scallion
Filling Ab\;; D Eton AbTOtil. Absorption | store store
conditions T;]g 30[2]3 ‘9% Quantity | Absorption | time
Quantity |[42 ppm]
<sv3222m000> Lol 0.64 0.40 - .
(svﬂ%mooo) 323 1.28 040 0.09 | 120 sec
ooyl 48|18 | 0 | 0m8 |10
(5\1155?16%0) 8.07 299 037 0.17 | 555 sec
25 mm 46 4 . 1
v 32000| 75 035 010 |510 sec
75 mm 2340
v 10000 | 4037 1437 036 0.16 >
O3 62 # 49 Z7k&r Hglo) s 32 E4 1

nhabalzk A7kE Vehdic

500

MR

300

—+—— High 3 mm
— - — High &mm
——&—- High % mm

200 4

Toluene Concentration of Adsorber Cutlet [ppm |

—T—TTTT
00:00 00:30 0100 01:30 0200
Time [hh:mm]

Fig. 6. Adsorption amount and breaking time according

to spatial velocity.
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Fig. 7. Variation of adsorption thickness and differential
pressure with respect to spatial velocity.
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Fig. 8. Adsorption amount and breaking time according
to changes in Toluene concentration.
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Density Abwsor.pﬁon AbTotal‘ Absorption AebffectlYe Absorption Density Abwsor.pﬁon AbTotaI. Absorption Aebffect1Ye Absorption
[ppm] E]gt so[r;]>t1on Quantity sorption | [ppm] e1]gt SO[I‘I]DUOH Quantity sorption |
g Quantity 42 ppml g g Quantity 42 ppm]
200 40.37 13.55 0.34 0.14 4,275 sec Toluene 40.37 14.37 0.36 0.14 2,070 sec
300 4037 14.18 0.35 0.14 2,805 sec O-xylene | 40.37 19.21 0.48 0.19 2,475 sec
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(o) ZAEANG X (o) ZAEANG BEAE
500 500
—s—— 200 ppm
— & — 300 ppm 1
& 400 ppm H
400
&f ¥
300 e Jr

Toluene Concentration of Adsorber Outlet [ppm]

A . : .
00:00 01:00 02:00 03:00 04:00

Time [hh-mm]

200 +

100 4
—e— Toluene

Toluene Concentration of Adsorber Outlet [ppm]

—-®— o-xylene
o MEK
0 w77
00:00 00:30 01:00 01:30 02:00 02:30

Time [hh:mm]

(156)



Development and Performance Evaluation of Adsorption-type ACF for Removing VOCs 31

le+5

——— Toluene
— -8 — o-xylene
e MEK

8e+4 o

Ge+d

de+d o

2e+4 ]

ola

B E—
0 k: n

00:00 00:30 01:00

Toluene Concentration of Adserber Outlet [ppm]

Time [hh:mm]

(b) MSAR 2t

Fig. 9. Adsorption amount and breakage time by VOCs
substance type.
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